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Effect of Soybeans, Chungkukjang, and Doenjang on Blood Glucose and
Serum Lipid Profile in Streptozotocin—-induced Diabetic Rats

Ah-Ra Kim, Jae-Joon Lee, Sun—-Sook Cha, Hae-Choon Chang, and Myung-Yul Lee

Dept. of Food and Nutrition, Chosun University, Gwangju 501-759, Korea

Abstract

This study investigated the effect of soybeans, chungkukjang, and doenjang on blood glucose and serum lipid
profile in streptozotocin (STZ)-induced diabetic rats. Male Sprague-Dawley rats weighing 205 g were divided
into non-diabetic and diabetic groups. The diabetic groups were further subdivided into four experimental
groups: a normal group (N), a diabetic control group (STZ-C), a diabetic group fed autoclaved soybean powder
(STZ-S), a diabetic group fed chungkukjang powder (STZ-CK]J) and a diabetic group fed deonjang powder
(STZ-DJ). Food and water intakes were higher in the diabetic groups than in the N group. The body weight
gain and food efficiency ratios were higher in the STZ-S, STZ-CK]J, and STZ-D]J groups than in the STZ-C
group, but created no significant changes between the diabetic groups on food intake and body weight gain.
The whole blood level at 4 weeks of the STZ-CK]J group was significantly lower than the STZ-C group. Serum
glucose levels of the STZ-S, STZ-CK]J, and STZ-DJ groups were significantly lower than the STZ-C group,
but there was no significant change in serum insulin levels. The AST and ALP activities in serum were markedly
higher in the STZ-C group, but these decreases in relation to diabetes increased in the STZ-S, STZ-CK]J, and
STZ-DJ groups. The level of serum triglycerides was lower in the STZ-CK]J and STZ-DJ groups than in the
STZ-C group, whereas level of serum HDL-cholesterol was higher in the STZ-CK]J and STZ-DJ groups. Levels
of total serum and LDL-cholesterol were higher in the diabetic groups compared with the N group, but sig-
nificantly decreased in the STZ-S, STZ-CK]J, and STZ-D]J groups compared to the STZ-C group. These results
indicate that dietary supplements of soybean, chungkukjang and doenjang may improve blood glucose and lipid
metabolism and help prevent or attenuate the progression of diabetes in STZ-induced diabetic rats.
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A2l isoflavone®] aglycones, & obr| =2}, H Eto]
T Rk Aokdd). Eg 7o A v)ZE
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gr|AEo] A= B-glucosidase?]
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QE] (16), /‘d%i(ﬂ) 1soﬂavone(18) ~°ﬂ «]S‘HZ]-_TY_ o

2 Jdot. AF T2 trypsin inhibitor® %39 in-
sulin ¥8] 2 Z7}A)7]1%(19), streptozotocin® 2 F2d o
=79 ﬁﬂu"% AT B JoH20). o F®TE of
Yzt g

FAEQ A= A STZZ fdrd F=] 9
g Zetan 2 Aot fdadst BiEoe] 9)
(21,22), B=3AE ﬂwgi Els OMME‘?;SMWE e
71 AH= 89, FEElE
A EHE, TR E %317‘]‘%’1‘}91 3
AEATHT B 3= Y TH23).

B AR AV REE E2FS Bacillus subtilis DJIZ tH&
Bacillus £Ht) oA Ao 23 9 XS P A=
EAS 7HAI Jo] &2 Fd olF HFsa w SIS
A5 AAE(W-PGAS 65”0}71 ol el whel F3fE Ao

2
E E
£ =53 54

F

g A4 2 ey A5 FA4s EAS Ado
(24). o83 EAL 712 B subtilis DJIS o) &3l A =3
AL 71" o] 8o Holu F W] Ryt 2 dof
Foayx e 2FEE AXH F2F vHlele fE o}y

kel kol o 2 AoR HiEGoeH, 53] P4
oS W= glutamic acid®] &&= ot =4 Hlsto
Y53 =2 AR BuHJATH2D). gt B AFA] AHE-
H DAL Chang® Chang(26)0] /&3 ATFd ZA S o
g3le] ME2L B AZYHoZ AxHE Aoz AHEF

o wiste] grEujobF 7t Aom ojHA Axzd
2 Aol vkl dR Tl 7 AR B
Atk B AFIEL AFATNAM nZd2EHE é,o]—g—
T3

rSL‘ B

o3+ A FH oM B. subtilis D]I-S o] &3] A %3 3
Frtsta et 2ol AEHE B vf JIThH27). B
Oﬂ:llg]r 2E AR dF, A @ B0 g2 aA-

ZHZHE 2o 93] -ror‘“ﬂ 1AEF AF 9 1A
%Lo‘ MNAste A7 oS Ho Bagh bl Jo)(28),
U5, A3 9 339 go= T oA dF A3
57 = R &35 vEho] g
S = AoZ 7Y ALY

2
1o
2=

=
mEtx] 2 AT e B JAF o streptozotocin(STZ)
S FAEEY daRE AT & FY FFoE Az
ZAU T B B subtilis DJIZ WEAA Ax3 A
HE BES 4770 o3t B 3F o] dunisiel ¥4
AAs= 9 2 X a4 &4 HelE vl AESS giF,
A= 2 239 gy N 2385 ARG

=
AeE B TN ANEE FUE TE olEaRew,
Ao AZE ZAUSE AFIFLH AFVAEAY
Aol K A£G A AEIAEH, BFA BT B

subtilis TF5 WO Z AHE&3FATH T2 37°CoAl A 24413k
A wjeksted LB A 8) A (Duchefa biochemie, Haarlem,
Netherlands, bacto—tryptone 10%, yeast—extract 5%, so—
dium chloride 10%)°ll 1% HZE3F & OAIZF w43 Ao =
FHsLE T wiFR B, subtilis DJIE 4°C 9,950 g9l A 15
B2 AR gt gAE FgEta dE wAE 2aE
3A FHFE 23] FASE AMEE AT T2 A E A
ste] Fol| aist= 39h 9 %"ﬂ 20717 JAAG & ol 1Y
dF 7)o A 5087 =23 40°CE Y23 ohe v d=
Z2TS 489 1%v/w) @%0}; 37°C incubator(SW-90S,
SangWoo Scientific Co., Bucheon, Korea)ol| A 11A]7F &<t
BHastgth @49 A X% Chang® Chang(26)0] A %3+
AL AHEtF o, 88 AxRE Y3t A& diF A8
A=) v 2 A3 T8 20°Coll A 20412 R A
T 121°Coll A 40%-3F 7Vb-ZA AT Bacillus subtilis
DJI #FE o]&3s Aldd 29 Az} o] ATy ZAE
o]&3le] AFES AZFATE Add ZA ] AxHHLE B
subtilis D]l #5F5 THO2 AFE- }9&‘3‘1], -2 =57 Al
ZHG o AHEE WHT TS HS AMES AT A%
F 1 kgS 20°CoNA 20 AIZE & ]?:51' —? 121°Coll A 403t
FAE AT T2 £ 40°CE YA 713 vlg] #8138 & B
subtilis DJIZ 7}573817] A 98 29 1% (w/w) HSE H=
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S 0.4 M citrate buffer %o £3)A#A 50 mg/kg body

weight & %(05 mL/100 g body weight) .2 thE 2 289
]

=3
A 24413 FAANA FE ol 156~18% HEF x5} 13] A48 e P gt 3ole STZ FAF A7 3 =0
o] ATH ZAE AgeET} DA xile xﬂﬁf‘fé A9 Ao A Afdate] FFFo] 300 mg/dL ol/del™ T
He T FE VTR A 2L DS Utk HY 2 HFsle] APl AFE-SEA T
< (Shinan-docho solar salt, Jeonnam, Korea) °F AFE i o
& wEo] 49lor, A3 Bk AF Ax B9 &3 BE & 27] A
FE7} 12%(w/w)7k RS Stef 20°CA 270 81F S49) AREEE AANE TR F 1243 A F COo=
71 A ALE3IATE o] o] A xe THt ZAe ) ZHAA mEARE v RS § ERulE el A dete A
224 9 94 EAA% I Bste] Bugsgon, Lo A 30&7F W]FFE T 3,000 rpmeol A 10837 Y141 78]
588 747} 46.8%, 49.9% 2 455%°)1Th SAAZ 3 A T HHe BEdte] @9 AE 248 A8E ARRElgen,
B2 AF A3 S 70°Co] RBEEA o]F AF o A} S AHST T A FA 1 2FE JE8h
3190 T, A2 2 @9 Bake] SR zxuk Zuh) 0.9% A=l A= ol = 9 3 71E} FHEAS A
A 23E 9 EB5slEe] AugE BAe Audsty 35 At ARAZ FES AAST F 84 4 AJE U3t
AP AFH(AF) A AASHAI, Aol dfra B4 () st F& T2t -70°Ce] deep fr eezer°ﬂ B A A
oA 8k (FF) ol A A A=l 1 A= Table Gatsl #AH 54 g4 9 ksl 57 Sl A8
13 2t} T3 A o|g R BAlEd &Y S A8 2T
ASIES 91 Al0| S IAES T HAES 2GS I oA AYAEFE
|‘:|c> = i ) AAs o)A A HBES A AZ t}S G4 84 =3 A7
APTEL AF 5578 2 37 3 Sprague-DawleyE i‘l}i‘;};i}] o AR e 358 A
- [<} .
F 40v (H T AlF 205 @& AFE3IATE B0l A-§A 7] °
7] 98] dFd Bt uiALIE 2 AMSSE & A Fol S{oHo| AUSISIA ZA}
2 2t ﬂﬂ?? 8] & 57119_% ‘4-?01_%@%19] HHX]'C_?}Oq 94 Z ¥ud 2444, & 2o 262 2 HDL-Zd 2
17 BEsle 457 A3t A5 E AS4 34 HE &3 ALT, AST 2 ALP 84 =4 g9 Agslny
o o T = [0 Uio o
2EE 2+1°C, FHFEE 65+5%2 FAIL, WS 71(Fugi Dri-Chem 3,500, Fujifilm, Tokyo, Japan)& =733}
~ A JZ- -
P IR0 200 2 S, ff ; s S Ao iDL BAsaE $Re Friedwd A (BEA2HE
AlS 7} =0 7 [e] s 4 5 A& A }_ =2 — - -
48712 $ ad libitum® 2 FeistAH. d@Ae] 24 ~(HDL-2¥ 28] 8- 244/ 5)20)9] eJ3he] Axraheiet.
AIN-93 A A 2lo] 248 HE3te A 319, d34o)e
Table 1949} o] FAT(N), & EHZ:HSTZ 0), T =Y £
YFT(STZ-S), B HHZ(STZ-CK)) ¥ T= A4 A8y €9 242 477 &< 5 18 LA &
(STZ-D) L= 57302 o] AA&HTt G fahe] v F=4 7] (Accu-chek active, Roche, Mannheim, Germany)
2 streptozotocin(STZ, Sigma Co., St. Louis, MO, USA) E ALE3 v A B3t dFS AR
Table 1. Composition of experimental diet (g/kg)
. Dietary groupl)
Ingredients N STZ C STZS STZ CKJ STZ DJ
Casein 200 200 174.8 174.8 174.8
L-cystine 3 3 3 3 3
Sucrose 232 232 223.4 223.4 223.4
Corn starch 397.486 397.486 397.486 397.486 397.486
Cellulose 50 50 50 50 50
Soybean oil 70 70 53.8 53.8 53.8
Choline bitartrate 25 25 25 25 2.5
Mineral Mix” 35 35 35 35 35
Vitamin Mix” 10 10 10 10 10
t-Butylhydroquinone 0.014 0.014 0.014 0.014 0.014
Autoclaved soybean — — 50 — —
DJI Chungkukjang — — — 50 —
DJI Deonjang — — — — 50

YThe experimental diet groups are as follow: N, normal diet; STZ-C, diabetic control group; STZ-S, diabetic group with the supple—-
mentation of autoclaved soybean; STZ-CK], diabetic group with the supplementation of DJI Chungkukjang; STZ-D]J, diabetic

group with the supplementation of DJI Deonjang.

YBased on AIN-93-MX vitamin mixture and AIN-93-VX mineral mixture.
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Table 2. Body weight gain, food intake, food efficiency ratio and water intake of STZ-induced diabetic rats fed the experimental

Food intake (g/day) FER” (%)

Water intake (mL/day)

diets
Experimental group” Body weight gain (g/day)
N 6.66+0.237+
STZ-C 5.46+0.19"
STZ-S 6.01+0.21*"
STZ-CK]J 5.96+0.36™
STZ-DJ 6.03+0.23%

19.34+4.69° 0.3440.04° 35.424+2.01°
26.3245.02° 0.21+0.02° 253.26+13.68"
24.13+3.29° 0.25+0.04 249.53+14.52°
23.05+5.13° 0.260.02° 251.48+10.23"
24.33+4.79° 0.25+0.06" 242.19+9.87°

DSee the legend of Table 1.

PFood efficiency ratio: FER (body weight gain/ food intake).

YThe results are mean+SE for 8 rats in each group.

YValues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey's test.
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5,000 rpmeoll A 1083+ 94 &2
radioimmunoassay©ll 23t ki C
Tokyo, Japan)E o]&3le] 5 & & STk

SHEA

E A A dojr A= SPSS 12.0 P/C package(Sta-
tistical Package for Social Science, SPSS Inc., New York,
NY, USA)E o] &3llA A4 stgen, =& 4% 23
2 Bod FFAE et BAAE = A 3¢t
o] Tukey's testZ AL HA=st4th

A& B- ce11°1 T} = of ﬂﬁﬂ AR ol s doA J
Ate] B d S 2T 22ZR(30), AE Wl 2= o] &
§°l 7%%}741 Ho A 9 A Ao X4 242

=FY AFo] A Aow BIlY w3F o3
7&45 STZol 93 fod GaFold 343 43 i
o} A= 7ZAE BYthE Furuse G AF}¢} H-A13)
Atk T, A= L D9 BEs F93% F(STZ-S, STZ-
CKJ] & STZ-DDEL B txTol vty AFe] 3%
frol A atole Aoy, tha Frtste AFS B T,

of

A=A 9 B9 Foe G Al FEHI AT AAE &4
She o E Bk Ao dFFY FEAAFEFS BE 9=
22 (STZ-C, STZ-S, STZ-CK]J 2 STZ-D)E°] B4
ol Hlgte] frejdez Frlste] G Q1% T v
9] F4E FUAT F oy, G FETLE e {9
el Aol AUTH B AT A9 o] AFARTG T
Fo] HoldFFo] =& AL AdgHo] 2HHE F 9 nero-

peptide YINPY) mRNAZ2] &7}¢} Algsli-9] A& 8-
o] g AE A JuH(B2). Frt & - A I
FEIAAE Aolago] ¥t BuFHA=d(33), E A

AAE G fuEEo] gl nstel HoldAZe 3
FheH) wlste] A FE Ao} ol Ego] e FFolq
3, R4 Aol QAo B, HY % BY $US
FoI% wE0] i xRl wste] HolEgol Frbshe
AHE RGTh weA B A7 A% G 422 A% AF
Wi W Ao EES A 5 Fuol A% HPH Wahe o)
T, AT % ARRTL FIFORA ol = guE
Aoz et

zle 2
P 8 F AYAOE AT AT BA AF 100

=
gF 13 2179 ‘Er'*ﬂ]%: Ad B Adl= Table 33 24 STZ
FaE insulin®] 87} A5 o] ZiALe]

rlr

A 3 Y s)e] Askue, 214, 4%,

239 225

A% 5o A7) 2H0] fabo] Hol sl A7) ln) A4
o WA pelo] g o2 FeA YL, B ATl
7b3} 41e) Bl B vlzpo] abzel wlstel 217} of
5899} oF 86% A= o402 F75HAr) ol e A
G o] Zho] Mgl At AL P A d&d APow
slshe] Aol Ba7h 57

Fe oL, S7HE el Aol b
o AR el o] &5 o Tt AHo] FH Y] wE
A Ao Z BRATH3E). 3 FF oA A9 Higle X%
o] UDP-glucose B+ glycogen® 2 thAE o] AFFEA]l W)

Table 3. Organ weights in STZ-induced diabetic rats fed the
experimental diets

Experimental Liver Kidney
group” (g/100 g B.W.)
N 3.54+0.317" 0.64+0.09"
STZ-C 5.61+0.27° 1.10+0.03*
STZ-S 4.95+0.12° 0.94+0.02°
STZ-CK] 4.894+0.16" 0.9240.01°
STZ-DJ 4.924+0.35 0.89+0.03"

YSee the legend of Table 1.

:Z)The results are mean+SE for 8 rats in each group.

YValues with different superscripts in the same column are sig-
nificantly different (p<0.05) between groups by Tukey’s test.
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2 A gaste 249 4340 G 27l Blske] f2
Ao g o] ZAHPt 34T =3 Kang S$(43)2
Aol 7 FEH B TFA A levand 3%9} 5% FEL
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5, =3 9 @3 B2 STZ f3 GF o o3t
g4 ¥=9 2 &Fd T+ Table 58 2o} A8 £8
T 8y xngd e FA4Tol vty I 2Tl of
3] A= =2 Aot vF, A= 2 #F 2Ls F
o3 FEL P txTol| Bt Zhzt 13.93%, 1627% 2
12871% 2 B5F fFojdo =z vt vehyg uiF, A= 2 =
FETe FA2 89 52 A3AIZ] Aoz BT 9
o 2= B AFA 457 54 AP 0lE FH3 &
79 A2 4% N = A3 Ao} FA8FA
o} o] d AFE Jung® Park(44)L STZ 3 =3

Table 4. Changes in blood glucose of STZ-induced diabetic rats fed the experimental diets

Experimental Weeks

group” 0 1 2 3 4
N 102.23+12.69°% 106.31+10.31" 98.36414.23" 101.98412.65° 101.424+14.27°
STZ-C 426.65+13.23" 429.21421.03° 436.65+9.79* 440.25+23.24° 438.19+14.23"
STZ-S 433.23+21.36 436.36+36.46 431.13+30.18" 428.43+33.59™ 412.13+24.75™
STZ-CK]J 427.26+12.13" 435.03+23.13" 426.36+25.46 420.48+31.75" 391.76+15.76"
STZ-DJ 431.08414.28" 440.23+19.46 432.36+30.16 434.13+10.48" 420.16+28.75"

ll)See the legend of Table 1.
PThe results are mean+SE for 8 rats in each group.

YValues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey's test.
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Table 5. Serum glucose and insulin levels of STZ-induced
diabetic rats fed the experimental diets

Table 6. Activities of ALT, AST and ALP in serum of
STZ-induced diabetic rats fed the experimental diets

Experimental Glucose Insulin

Experimental

group” (mg/dL) (pmol/L) group” ALT AST ALP
N 149.23+6.137% 129.68+6.29° N 21.36+1.267"  87.16+3.19° 184.29+7.84°
STZ-C 449.29+41 .23 57.23+4.23" STZ-C 39.43+2.43° 112.4346.87"  250.13+10.13"
STZ-S 394.34+20.13" 58.23+6.18" STZ-S 34.124+3.82™ 98.73+4.18" 221.12+9.15
STZ-CK]J 386.41+24.64° 59.43+4.79" STZ-CK]J 32.4142.17" 97.16+8.01" 193.29+7.44°
STZ-DJ 398.06+24.18" 56.39+5.18" STZ-DJ 35.36+3.46"™ 95.43+5.13"  200.43+8.43™

DSee the legend of Table 1.

The results are mean+SE for 8 rats in each group.

YValues with different superscripts in the same column are sig-
nificantly different (p<0.05) between groups by Tukey’s test.
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Table 7. Lipid profiles in serum of STZ-induced diabetic rats fed the experimental diets (mg/dL)
Experimental group” Triglyceride Total cholesterol LDL-cholesterol HDL-cholesterol
N 66.83+5.10°% 73.43+3.14° 62.57+2.13° 24.23+2.41%
STZ-C 96.8344.18" 119.1746.17° 117.74+5.01° 20.8043.07"
STZ-S 85.36+3.31" 96.41+3.47 83.77+4.78" 23.67+1.89"
STZ-CK]J 79.46+4.01° 90.37+2.19 78.76+5.29 27.50+4.75
STZ-DJ 77.74+3.84° 92.31+5.01° 79.36+4.19" 28.50+2.98"

ll)See the legend of Table 1.
YThe results are mean+SE for 8 rats in each group.

YValues with different superscripts in the same column are significantly different (p<0.05) between groups by Tukey's test
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